Introduction
============

Obesity, a metabolic disorder characterized by the accumulation of excessive body fat, is closely associated with metabolic derangement-related diseases, and may also lead to cardiovascular diseases, diabetes, and joint problems. The prevalence of obesity is increasing rapidly in the world, exacting a heavy toll both socially and economically. In the United States, recent trends in obesity indicate that the prevalence of obesity or overweight among 20- to 74-year-old adults increased to almost 66% from 1980 to 2004, and it has been estimated that obesity accounts for 5 to 15% of total annual deaths ([@B01],[@B02]). In China, more than one third of the adults are overweight or obese, and 10 to 20% of the adult population has diseases related to metabolic disorders ([@B03]). Stewart et al. ([@B04]) have warned that if we fail to address continued increases in obesity, we may risk eroding the pattern of steady gains in health, which we have achieved since the early 20th century.

Accurate determination of body fat could provide clinically useful guidance for physicians to assess disease risks in patients with obesity and optimize preventive or therapeutic remedies for these patients ([@B05]). Measurement of body fat has been traditionally limited to simple measures, such as waist circumference, waist-to-hip ratio and body mass index (BMI). Due to its ease of measurement and calculation, BMI is the most widely used diagnostic tool to identify weight problems within a population. Previous studies have shown that increased BMI is associated with an increased risk of metabolic derangement-related diseases and may be used as an indicator for the prediction of these diseases ([@B06]). However, because of the inability of BMI to discriminate between body fat and lean mass, its diagnostic performance in intermediate ranges of body weight is limited; it cannot accurately categorize individuals who have a normal body weight with too much body fat but too little muscle and those who have an excessive body weight with too little body fat but too much muscle ([@B07],[@B08]). Recently, a meta-analysis of 32 different samples comprising a total of 31,968 patients revealed that the commonly used BMI cutoff values to diagnose obesity fail to identify half of the people with excess percent body fat (PBF) ([@B09]).

Although BMI appears to be a good indicator of the deposition of excess energy as fat in adult white men and women in Europe and North America, several studies suggest that BMI is less appropriate for Asian populations who differ in body build and body proportions ([@B10],[@B11]), a fact that could result in misclassification because of the different contributions of bone mass, muscle mass, and fluid to body weight. In a recent study, it was demonstrated that the currently recommended BMI cutoff scores to define overweight and obesity overestimated overweight and obesity prevalence in African-American men and women, and underestimated prevalence in Asian-Indian men and women, Asian women and Hispanic women, indicating a racial/ethnic bias of the universal overweight and obesity BMI cutoff scores ([@B08]). Therefore, it is necessary to develop and redefine appropriate country-specific and ethnicity-specific BMI cutoff values and assess the validity and utility of other measures such as PBF, in order to facilitate the development of preventive and therapeutic strategies to minimize the health risks resulting from obesity.

PBF is defined as the proportion of individual fat mass over body weight. Previous studies have shown that PBF more accurately reflects body composition than BMI, although both BMI and PBF have been used for the evaluation of human health risks such as cardiovascular risk in clinical practice ([@B12],[@B13]). A higher PBF and/or BMI often indicates a higher level of cardiovascular risk ([@B14]). However, the relationship between PBF and BMI is not linear ([@B15],[@B16]). A high PBF does not necessarily mean a high BMI, and vice versa. Thus, there is a need to accurately determine the cardiovascular risk in individuals who have a normal PBF but a high BMI or a high PBF but a normal BMI. In other words, whether BMI or PBF more accurately predicts cardiovascular risk factors needs to be evaluated.

Since the 1990s, a bioelectrical impedance technique has been widely used to measure the content of different tissues noninvasively, based on their differences in electric conductivity and it may provide an index of total body water, from which the fat-free mass and PBF can be derived ([@B17]). Using this technique, we previously demonstrated that PBF better reflected cardiac function and arterial compliance than other currently used indices such as BMI ([@B18]).

In the present study, we determined the correlations of BMI and PBF with cardiovascular risk factors such as hypertension, dyslipidemia and hyperglycemia by measuring the body composition of 3859 subjects using the bioelectrical impedance technique. Furthermore, we evaluated the predictive values of PBF and BMI for the cardiovascular risk factors.

Material and Methods
====================

Subjects
--------

All ambulatory adult subjects aged over 18 years who underwent a routine thorough health examination at the Chinese PLA General Hospital, Beijing, China, from February to September 2009 were enrolled. However, subjects with the following conditions were excluded: a history of acute coronary syndromes and/or cardiac infarction, any cardiac and renal dysfunction, a stroke history within the previous 6 months, a history of malignancy, severe hepatic disease, chronic consumptive diseases, anemia and severe malnutrition, pregnancy, and a history of hyperthyroidism and/or hypothyroidism. In addition, those who were previously diagnosed and treated for hypertension, type II diabetes mellitus and dyslipidemia were also excluded from the study. The subjects who did not meet the exclusion criteria were informed of the research contents and enrolled in the study after they signed an informed consent form. Ethical approval for this study was provided by the Institutional Review Board of Chinese PLA General Hospital, Beijing, China (Chairman Prof. Kun-Lun He) on January 25, 2009.

Measurement of body composition and categorizations of PBF and BMI
------------------------------------------------------------------

Body composition was measured by appropriately trained medical care providers at the Health Examination Center of the Chinese PLA General Hospital. All subjects wore light clothing and stood in the upright position without shoes during the measurement. Height, waist circumference and hip circumference were measured to an accuracy of 0.1 cm and body weight to an accuracy of 0.1 kg. BMI and waist-hip ratio (WHR) were calculated from the following two equations, respectively: BMI = body weight/height^2^ (kg/m^2^), and WHR = waist circumference/hip circumference (cm/cm). PBF was measured using the VIVENTE body composition analyzer (ARTEMIS, South Korea), which was approved by the State Food and Drug Administration (SFDA) of China (Certificate No. 2210699). Measurements were conducted on the four limbs with an 8-electrode electrical impedance device using a 0.8-mA current at 5, 50, 250, and 500 kHz. Of the 8 electrodes, 4 were attached to the bilateral palms and thumbs, and the remaining electrodes were attached to the anterior and posterior soles bilaterally. Before measurement, all subjects underwent an overnight fast and were prohibited from vigorous activities within 12 h of measurement. The measurements were performed strictly according to manufacturer instructions. After gender, height and body weight input, body fat mass was determined using a proprietary bioelectrical impedance analyzing equation, which was not known to us. Thereafter, PBF was obtained from the following equation: body fat mass/body weight × 100.

Obesity was diagnosed if a subject had a BMI ≥25 kg/m^2^ (both male and female) or PBF ≥25% (male) or ≥30% (female) according to Asian BMI criteria ([@B19]) and the U.S. National Institutes of Health criterion standards for PBF ([@B20]). In addition, the subjects were further separated into four groups: group 1 (both normal BMI and PBF) = BMI \<25 kg/m^2^ and PBF \<25% (male) or \<30% (female); group 2 (normal BMI, but abnormal PBF) = BMI \<25 kg/m^2^ and PBF ≥25% (male), or ≥30% (female); group 3 (abnormal BMI, but normal PBF) = BMI ≥25 kg/m^2^ and PBF \<25% (male), or \<30% (female), and group 4 (both abnormal BMI and PBF) = BMI ≥25 kg/m^2^ and PBF ≥25% (male), or ≥30% (female).

Measurement and definition of cardiovascular risk factors
---------------------------------------------------------

After the subjects were seated and rested for 10 min, systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured on the right arm using an electronic sphygmomanometer. Fasting blood samples were obtained in the early morning *via* the antecubital vein, preserved in a pre-chilled EDTA anticoagulation tube, and submitted to the Clinical Laboratory of PLA General Hospital for analysis. Fasting plasma glucose (FPG), total cholesterol (TC), triglyceride (TG), and high-density lipoprotein cholesterol (HDL-C) were determined using an Architect Ci8200-intergrated system (Abbott Laboratories, USA). Low-density lipoprotein cholesterol (LDL-C) concentration was calculated using the Friedewald equation (LDL-C (mM) = TC - \[HDL-C + TG / 2.2\]) ([@B21]). Then, cardiovascular risk factors including hypertension, hyperglycemia, and dyslipidemia were defined on the basis of the above listed variables in the present study ([@B22]).

In the present study, cardiovascular risk factors were defined as abnormal blood pressure and serum biochemical parameters such as lipids and glucose. The critical values of cardiovascular risk factors were designated as follows according to the 2009 American Diabetes Association Standards of Medical Care in Diabetes ([@B23]), the 2007 European Hypertension Guideline ([@B22]), and the 2007 Prevention and Treatment Guideline for Blood Lipid Abnormality in Chinese Adults ([@B24]): hypertension = SBP ≥130 mmHg and/or DBP ≥85 mmHg; hyperglycemia = FPG ≥5.6 mM (100 mg/dL); dyslipidemia = TC ≥5.18 mM (200 mg/dL), and/or TG ≥1.70 mM (150 mg/dL) and/or LDL-C ≥3.37 mM (130 mg/dL) and/or HDL-C \<1.04 mM (40 mg/dL). In the present study, the criteria of the Prevention and Treatment Guideline for Blood Lipid Abnormality in Chinese Adults ([@B24]) were considered to be more suitable although the expert group from the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) ([@B25]) used different diagnostic criteria for dyslipidemia.

In addition, gender, age, lifestyle (including smoking, drinking and exercise), and family history of obesity were also considered as confounding risk factors in the present study. Smoking was defined as daily smoking of 10 or more cigarettes, cigars or pipes for at least 12 months at the time of the study ([@B26]). Drinking was defined as moderate to heavy alcohol consumption (an average of at least 15 g/day) at the time of the study. Exercise was defined as an average of at least moderate-intensity aerobic (endurance) physical activity for a minimum of 30 min on 5 days within a week (requiring ≥3 metabolic equivalents an hour, including brisk walking) at the time of the study ([@B27]). A family history of obesity, type 2 diabetes, hypertension, stroke, and coronary heart disease was also included in the study.

Statistical analysis
--------------------

Categorical variables were reported as frequency and percentages while numerical variables were reported as means ± SD when they were normally distributed and as median and range if the data were abnormally distributed. The difference in numerical variables between two groups was analyzed using the Student *t*-test, and the difference between multiple groups was analyzed by analysis of variance (ANOVA), with *post hoc* multiple comparisons being performed using the Student-Newman-Keuls test. The chi-square test was used to analyze the differences in gender, age composition, lifestyle, family history, and cardiovascular risk factors among groups.

The odds ratio (OR) of cardiovascular risk factors in groups 2, 3, and 4, compared to group 1 (used as a reference) was analyzed by a multivariate logistic regression model where gender, age, lifestyle (including smoking, drinking and exercise), and BMI-PBF-based grouping were set as independent variables. Correlations of BMI and PBF with blood pressure, glucose and lipids were calculated using Pearson correlation analysis, and partial correlation analysis was used to adjust for gender, age, lifestyle, and family history. Several logistic regression models as well as the Poisson regression model were applied to determine if there was a difference in the OR of cardiovascular risk factors between BMI and PBF by setting different dependent and independent variables in the logistic regression analysis. All statistical analyses were conducted using the SPSS software (version 10; SPSS Inc., USA). A P value of \<0.05 (two-tailed) was considered to be statistically significant.

Results
=======

General characteristics and metabolic parameters of the study subjects in relation to the categorization by BMI and PBF
-----------------------------------------------------------------------------------------------------------------------

A total of 3859 subjects (2173 males and 1686 females, age range: 18-85 years) were eligible for the study. The percentage of the subjects included in groups 1, 2, 3, and 4 was 50.8, 9.9, 17.6, and 21.7%, respectively ([Table 1](#t01){ref-type="table"}). The numbers of males and females were similar in group 1, whereas there were more females than males in group 2 (83.7%) and more males than females in groups 3 (89.7%) and 4 (60.3%). Approximately 90% of subjects were aged 30-60 years in the four groups. The proportions of smokers and drinkers were highest in group 3 and lowest in group 2. There appeared to be no difference in the proportion of subjects who exercised and with a family history of obesity, type 2 diabetes, hypertension, stroke, and coronary heart disease among the four groups.

Table 1.General characteristics and metabolic parameters of the study subjects in relation to the classification by body mass index (BMI) and percent body fat (PBF).Variables (N = 3859)Group 1 \[normal BMI/normal PBF (N = 1961)\]Group 2 \[normal BMI/abnormal PBF (N = 381)\]Group 3 \[abnormal BMI/normal PBF (N = 681)\]Group 4 \[abnormal BMI/abnormal PBF (N = 836)\]P valueGender\<0.001 Male996 (50.8)62 (16.3)611 (89.7)504 (60.3) Female965 (49.2)319 (83.7)70 (10.3)332 (39.7)Age group\<0.001 Less than 30 years208 (10.6)10 (2.6)34 (5.0)50 (6.0) 30-44 years1092 (55.7)173 (45.4)382 (56.1)391 (46.8) 45-59 years605 (30.9)181 (47.5)251 (36.9)367 (43.9) 60 years and above56 (2.9)17 (4.5)14 (2.1)28 (3.3)Lifestyle Smoking375 (19.1)30 (7.9)231 (33.9)225 (26.9)\<0.001 Drinking251 (12.8)25 (6.6)137 (20.1)119 (14.2)\<0.001 Exercise564 (28.8)103 (27.0)210 (30.8)245 (29.3)0.692Family history225 (11.5)51 (13.4)84 (12.3)107 (12.8)0.629Age (years)40.85 ± 9.14^†^45.16 ± 8.03^¶^42.66 ± 7.85^‡^43.75 ± 8.69^§^\<0.001BMI (kg/m^2^)21.88 ± 2.04^†^23.22 ± 1.23^‡^26.46 ± 1.25^§^27.94 ± 2.18^¶^\<0.001PB (%)20.53 ± 6.01^†^31.76 ± 3.16^¶^22.31 ± 3.05^‡^31.01 ± 4.47^§^\<0.001WHR0.81 ± 0.05^†^0.85 ± 0.03^‡^0.91 ± 0.03^§^0.96 ± 0.06^¶^\<0.001SBP (mmHg)109.81 ± 11.21^†^111.81 ± 11.46^‡^116.52 ± 9.77^§^118.07 ± 10.00^¶^\<0.001DBP (mmHg)72.04 ± 8.05^†^73.23 ± 7.72^‡^77.35 ± 6.93^§^77.95 ± 7.15^§^\<0.001FPG (mM)5.34 ± 0.43^†^5.42 ± 0.45^‡^5.50 ± 0.40^§^5.54 ± 0.41^§^\<0.001TC (mM)4.58 ± 0.88^†^4.80 ± 0.88^‡^4.84 ± 0.85^‡§^4.91 ± 0.90^§^\<0.001TG (mM)1.22 ± 0.85^†^1.30 ± 0.79^†^1.87 ± 1.16^§^1.76 ± 1.05^‡^\<0.001HDL-C (mM)1.48 ± 0.38^§^1.50 ± 0.36^§^1.18 ± 0.27^†^1.27 ± 0.30^‡^\<0.001LDL-C (mM)2.54 ± 0.78^†^2.71 ± 0.79^‡^2.80 ± 0.82^§^2.85 ± 0.81^§^\<0.001[^2]

The following body composition indices such as BMI, PBF and WHR and cardiovascular risk variables, such as age, SBP, DBP, FPG, TC, TG, HDL-C, and LDL-C are also shown in [Table 1](#t01){ref-type="table"}. There were significant differences in all variables among the four groups (all P \< 0.05). *Post hoc* multiple comparison further showed that age and PBF were the highest in group 2. BMI, WHR, blood pressure, FPG, TC, and LDL-C were the highest in group 4 and the lowest in group 1. Compared to group 3, HDL-C was higher, and the other risk factor variables (except TC) were lower in group 2 ([Table 1](#t01){ref-type="table"}).

Cardiovascular risk factors of the study subjects
-------------------------------------------------

A total of 2633 (68.2%) of the 3859 study subjects were found to have one or more cardiovascular risk factors. The rates were 79.4% (1725/2173) in males and 53.9% (908/1686) in females. The prevalence of hypertension, hyperglycemia, dyslipidemia, and two or more concomitant cardiovascular risk factors was higher in males than in females (all P \< 0.001; [Figure 1](#f01){ref-type="fig"}).

Figure 1.The prevalence of cardiovascular risk factors among males and females. ^\*^The P value was obtained from the chi-square test. ^†^Data were lost for 3 individuals. ^‡^Data were lost for 2 individuals. ^§^Data of blood glucose and lipids were lost for 2 individuals. 1 risk factor = subjects with a single cardiovascular risk factor. ≥2 risk factors = subjects with two or more simultaneous cardiovascular risk factors. Any risk factor = subjects with one or more simultaneous cardiovascular risk factors.

The proportions of subjects with hypertension, hyperglycemia and dyslipidemia among subjects were 16.0 (N = 618), 34.6 (N = 1334), and 49.5% (N = 1910), respectively ([Table 2](#t02){ref-type="table"}). Whereas 41.1% (N = 1585) of the subjects were found to have a single cardiovascular risk factor, 27.2% (N = 1048) had two or more cardiovascular risk factors. The probability of having only one risk factor did not differ among groups. However, the probability of having two or more risk factors was significantly different among groups (P \< 0.001), being the lowest (17.8%) in group 1 and the highest (41.2%) in group 4 ([Table 2](#t02){ref-type="table"}). The prevalence of hypertension, hyperglycemia and dyslipidemia was the lowest in group 1. The prevalence of hypertension and hyperglycemia was the highest in group 4, while the prevalence of dyslipidemia was the highest in group 3 ([Table 2](#t02){ref-type="table"}).

Table 2.Cardiovascular risk factors of the study subjects in relation to classification by body mass index and percent body fat.VariablesGroup 1 (N = 1961)Group 2 (N = 381)Group 3 (N = 681)Group 4 (N = 836)P valueHypertension10.8 (212/1961)11.8 (45/381)20.6 (140/681)26.4 (221/836)\<0.001Hyperglycemia[†](#TFN02t02){ref-type="table-fn"}28.3 (554/1960)35.4 (135/381)41.7 (284/681)43.3 (361/834)\<0.001Dyslipidemia[‡](#TFN03t02){ref-type="table-fn"}38.2 (749/1960)46.2 (176/381)66.2 (451/681)64.0 (534/835)\<0.0011 risk factor[§](#TFN04t02){ref-type="table-fn"}39.3 (771/1960)45.4 (173/381)42.6 (290/681)42.0 (351/835)0.094≥2 risk factors[¶](#TFN05t02){ref-type="table-fn"}17.8 (348/1960)22.3 (85/381)39.8 (271/681)41.2 (344/835)\<0.001Any risk factor[\|\|](#TFN06t02){ref-type="table-fn"}57.1 (1119/1960)67.7 (258/381)82.4 (561/681)83.2 (695/835)\<0.001[^3][^4][^5][^6][^7][^8][^9]

In the risk analysis, when group 1 (low BMI and PBF) was used as the reference, and gender, age and lifestyle (including smoking, drinking and exercise) were adjusted by logistic regression analysis, the risk for any of the cardiovascular risk factors in groups 2 (low BMI, but high PBF) and 4 (high BMI and PBF) were 1.88 (95%CI = 1.45-2.45, P \< 0.001) and 2.06 (95%CI = 1.26-3.35, P = 0.004) times those in group 1, respectively. No significant difference in cardiovascular risk factors was found between group 3 (high BMI, but low PBF) and group 1 (OR = 1.32, 95%CI = 0.92-1.89, P = 0.128; [Figure 2](#f02){ref-type="fig"}).

Figure 2.Risks for any of the cardiovascular risk factors according to subject groups classified by body mass index (BMI) and percent body fat (PBF). ^\*^P \< 0.01; gender, age, and lifestyle (including smoking, drinking and exercise) were adjusted by the logistic regression analysis (Wald test). Low BMI and PBF was set as a reference. Low BMI and PBF = BMI \<25 kg/m^2^, and PBF \<25% (male) or \<30% (female); low BMI and high PBF = BMI \<25 kg/m^2^, and PBF ≥25% (male) or ≥30% (female); high BMI and low PBF = BMI ≥25 kg/m^2^ and PBF \<25% (male) or \<30% (female); high BMI and PBF = BMI ≥25 kg/m^2^ and PBF ≥25% (male) or ≥30% (female). 95%CI = 95% confidence interval.

Correlations between BMI/PBF and blood pressure, glucose and lipid
------------------------------------------------------------------

In order to further determine the difference in the evaluation of cardiovascular risk factors between BMI and PBF, correlations between BMI/PBF and major cardiovascular risk variables including blood pressure, glucose and lipids were first analyzed. We found that BMI was negatively correlated with HDL-C while PBF showed no correlation with HDL-C. Both BMI and PBF were positively correlated with the other variables ([Table 3](#t03){ref-type="table"}).

Table 3.Correlations between body mass index/percent body fat and blood pressure, glucose and lipids.Body mass indexPercent body fatCorrelation coefficientPartial correlation coefficientCorrelation coefficientPartial correlation coefficientSBP (mmHg)0.403[†](#TFN02t02){ref-type="table-fn"}0.071[†](#TFN02t02){ref-type="table-fn"}0.098[†](#TFN02t02){ref-type="table-fn"}-0.006DBP (mmHg)0.409[†](#TFN02t02){ref-type="table-fn"}0.054[†](#TFN02t02){ref-type="table-fn"}0.075[†](#TFN02t02){ref-type="table-fn"}0.008FPG (mM)0.249[†](#TFN02t02){ref-type="table-fn"}0.020.088[†](#TFN02t02){ref-type="table-fn"}0.038[\*](#TFN02t03){ref-type="table-fn"}TC (mM)0.169[†](#TFN02t02){ref-type="table-fn"}-0.0190.112[†](#TFN02t02){ref-type="table-fn"}0.078[†](#TFN02t02){ref-type="table-fn"}TG (mM)0.350[†](#TFN02t02){ref-type="table-fn"}-0.0210.049[†](#TFN02t02){ref-type="table-fn"}0.051[†](#TFN02t02){ref-type="table-fn"}HDL-C (mM)-0.432[†](#TFN02t02){ref-type="table-fn"}-0.063[†](#TFN02t02){ref-type="table-fn"}-0.003-0.050[†](#TFN02t02){ref-type="table-fn"}LDL-C (mM)0.189[†](#TFN02t02){ref-type="table-fn"}0.0160.097[†](#TFN02t02){ref-type="table-fn"}0.079[†](#TFN02t02){ref-type="table-fn"}[^10][^11][^12][^13]

After other confounding factors such as age, gender, lifestyle, and family history were adjusted by partial correlation analysis, BMI was found to be positively correlated with SBP and DBP, and negatively correlated with HDL-C; however, it showed no correlations with TC, TG, LDL-C, or FPG. On the other hand, PBF was positively correlated with TG, TC, LDL-C, and FPG, and negatively correlated with HDL-C, although it showed no correlations with SBP and DBP ([Table 3](#t03){ref-type="table"}).

Logistic regression of independent factors associated with cardiovascular risk factors
--------------------------------------------------------------------------------------

We further carried out a logistic regression analysis using one or more risk factors as dependent variables, with the absence of any of the three cardiovascular risk factors set as 0 and the presence of one or more risk factors of the three cardiovascular risk factors as 1. The confounding factors such as gender, age, WHR, BMI, PBF, smoking, drinking, exercise, and family history were treated as independent variables. BMI^\*^PBF was also included in the logistic regression analysis in order to determine whether there was an interaction between BMI and PBF in terms of association with cardiovascular risk factors, and the effect of PBF on the association of BMI with cardiovascular risk factors.

Cardiovascular risk factors were not associated with BMI (OR = 1.01, 95%CI = 0.91-1.12, P = 0.870), but were correlated with gender, age, PBF, and smoking, as the OR of cardiovascular risk factors about PBF was 1.04 (95%CI = 1.00-1.07, P = 0.028). Moreover, no interaction was found between the BMI and PBF association with cardiovascular risk factors (OR = 1.00, 95%CI = 0.90-1.13, P = 0.955) ([Table 4](#t04){ref-type="table"}). Poisson regression analysis also revealed that cardiovascular risk factors were associated with PBF rather than BMI ([Supplementary Table S1]{.ul}).

Table 4.Logistic regression analysis of variables independently associated with cardiovascular risk factors.Modelχ^2^ valueP valueOdds ratio (95%CI)Model 1[†](#TFN02t02){ref-type="table-fn"} BMI (kg/m^2^)0.0270.8701.01 (0.91-1.12) PBF (%)4.8500.0281.04 (1.00-1.07) BMI[\*](#TFN02t03){ref-type="table-fn"}PBF0.0030.9551.00 (0.90-1.13)Model 2[‡](#TFN03t02){ref-type="table-fn"} BMI (kg/m^2^)3.1400.0761.09 (0.99-1.20) PBF (%)10.8620.0011.03 (1.01-1.04) BMI[\*](#TFN02t03){ref-type="table-fn"}PBF0.1030.7480.98 (0.89-1.09)Model 3[§](#TFN04t02){ref-type="table-fn"} BMI (kg/m^2^)0.4330.5110.97 (0.87-1.07) PBF (%)10.1470.0011.05 (1.02-1.09) BMI[\*](#TFN02t03){ref-type="table-fn"}PBF1.1360.2870.95 (0.85-1.05)Model 4[¶](#TFN05t02){ref-type="table-fn"} BMI (kg/m^2^)3.0080.0831.09 (0.99-1.20) PBF (%)4.3050.0381.03 (1.00-1.07) BMI[\*](#TFN02t03){ref-type="table-fn"}PBF0.1190.7300.98 (0.89-1.09)[^14][^15][^16][^17][^18]

Furthermore, when the probability of having hypertension, dyslipidemia, or hyperglycemia was set as a dependent variable separately, PBF was able to predict the probability of hypertension (OR = 1.03, 95%CI = 1.01-1.04, P = 0.001), dyslipidemia (OR = 1.05, 95%CI = 1.02-1.09, P = 0.001) and hyperglycemia (OR = 1.03, 95%CI = 1.00-1.07, P = 0.038), whereas BMI failed to predict the probability of hypertension (OR = 1.09, 95%CI = 0.99-1.20, P = 0.076), dyslipidemia (OR = 0.97, 95%CI = 0.87-1.07, P = 0.511) and hyperglycemia (OR = 1.09, 95%CI = 0.99-1.20, P = 0.083) ([Table 4](#t04){ref-type="table"}).

Discussion
==========

BMI and PBF are both used clinically to identify the presence of obesity in individuals. However, persons with a normal BMI but a high PBF, or a high BMI but a normal PBF can be identified when both parameters are used. In the present study, more than one quarter (27.5%) of the 3859 subjects fell into normal BMI and high PBF or high BMI and normal PBF. We showed that individuals with a normal BMI but a high PBF exhibited a cardiovascular risk profile similar to that of those with a high BMI and a high PBF, whereas individuals with a high BMI but a normal PBF showed a cardiovascular risk profile similar to that of those with a normal BMI and a normal PBF ([Figure 2](#f02){ref-type="fig"}). Moreover, partial correlation analysis revealed that PBF was more closely correlated with blood pressure, glucose and lipids than BMI ([Table 3](#t03){ref-type="table"}), and logistic regression analysis also revealed that PBF, rather than BMI, was independently associated with cardiovascular risk factors ([Table 4](#t04){ref-type="table"}). These findings indicate that PBF should be a better predictor of cardiovascular risk factors than BMI among these subjects.

The present study also demonstrated that females predominated (83.7%) in group 2 (high PBF but normal BMI) and males predominated (89.7%) in group 3 (high BMI but normal PBF; [Table 1](#t01){ref-type="table"}). This finding agrees with previous observations that more females have a high PBF but normal BMI and more males have a high BMI but normal PBF ([@B07],[@B10],[@B15]). Our data also indicate that the prevalence of cardiovascular risk factors was higher in males than in females ([Figure 1](#f01){ref-type="fig"}). Since males dominated in group 3 (high BMI but normal PBF), it is not a surprise that the overall prevalence of cardiovascular risk factors in group 3 (high BMI but normal PBF) was higher than in group 2 ([Table 2](#t02){ref-type="table"}). Since age and lifestyle may also influence the comparison, the results of cardiovascular risk factors among the four groups ([@B28],[@B29]), gender, age, and lifestyle were adjusted in the logistic regression analysis, which showed that the cardiovascular risk was relatively higher in group 2 (low BMI, but high PBF) than in group 3 (high BMI, but low PBF) when group 1 (low BMI and PBF) was used as a reference ([Figure 2](#f02){ref-type="fig"}).

BMI is only an indirect measure of body fat mass and thus may not accurately reflect cardiovascular risks and human metabolic disorders ([@B30]). Wang et al. ([@B31]) investigated 4907 Chinese subjects and found that BMI had limited interpreting power for subjects with BMI in the mid-range (24 and 27.9 kg/m^2^) although it correlated very well with PBF. PBF, on the other hand, reflects body composition and is directly correlated with cardiovascular risks ([@B12],[@B13],[@B32]). We previously demonstrated that PBF better reflected cardiac function and arterial compliance than BMI ([@B18]).

In the present study, we showed that, although BMI was correlated with blood pressure, glucose and lipid in univariate correlation analysis, the correlation disappeared when confounding factors such as age, gender, lifestyle, and family history were adjusted ([Table 3](#t03){ref-type="table"}) and logistic regression analysis further demonstrated that BMI was not associated with cardiovascular risk factors ([Table 4](#t04){ref-type="table"}). PBF, on the other hand, was well correlated with cardiovascular risk factors even when confounding factors were considered ([Table 3](#t03){ref-type="table"}). We found that increased PBF was associated with increased cardiovascular risk factors ([Table 4](#t04){ref-type="table"}). Indeed, Romero-Corral et al. and others ([@B33],[@B34]) reported that individuals with a high body fat content but a normal BMI (i.e., normal weight obesity) were more predisposed to type II diabetes mellitus and cardiovascular disease.

Individuals routinely practicing vigorous exercise would be considered overweight or obese when assessed by BMI but they may be considered normal if assessed by PBF. The excessive body weight in these muscular individuals who have a normal fat mass does not influence their cardiovascular risks. For example, Segal et al. ([@B35]) reported that the cardiovascular risk of males with a normal PBF but a high BMI was comparable to that of males with normal PBF and BMI. Oreopoulos et al. ([@B32]) studied 140 patients with cardiac failure and found that those with a high lean mass had a longer survival. In the present study, we also showed that individuals with a high BMI but a normal PBF did not exhibit an appreciably enhanced cardiovascular risk compared to those with a normal body weight after gender, age and lifestyle were adjusted ([Figure 2](#f02){ref-type="fig"}).

Several limitations of the present study should be recognized. The application of the bioelectrical impedance method for the determination of PBF has been reported to be less accurate than underwater weighing, dual-energy X-ray absorptiometry or air replacement plethysmography ([@B36]), and its validity has been doubted for use in large epidemiological studies ([@B37]). However, due to its efficiency, feasibility and safety, the method is being still widely applied in various recent studies for the measurement of body composition, estimation of visceral fat area, assessment of certain diseases such as liver steatosis and local arterial stiffness, and prediction of cell viability during ischemia and reperfusion in rat liver ([@B38]-[@B40]). In a previous study, we also used this technique to study the correlation of body composition and cardiac function in 325 healthy subjects ([@B18]). In the present study, we used the same method to study 3859 subjects and, consistent with our previous study, we found that PBF would probably be a better predictor than BMI of cardiovascular risk factors in the study subjects. It should be kept in mind that some kinds of variance such as race and medical conditions would be expected at the individual level, which might impact the PBF measurement by bioelectrical impedance analysis, and thus the subsequent outcome of the relationship between PBF and cardiovascular risk factors. However, in the present study, all subjects were of the Han nationality, and certain diseases were excluded, and thus the results obtained here were less influenced by race and underlying medical conditions. In addition, there was no widely accepted standard criterion or cutoff of PBF for defining overweight or obesity by the PBF method. In the present study, we used the cutoff of PBF ≥25% (male) or ≥30% (female) to define abnormal fat using the National Institutes of Health criteria for PBF, which does state that "Most health care providers agree that men with more than 25 percent body fat and women with more than 30 percent body fat are considered obese" ([@B20]).

In conclusion, after adjustment of confounding factors such as age, gender, lifestyle, and family history, BMI is positively correlated with SBP and DBP, and negatively correlated with HDL-C, but lacks any correlations with TC, TG, LDL-C, and FPG, whereas PBF is positively correlated with TG, TC, LDL-C, and FPG, and negatively correlated with HDL-C. Moreover, logistic regression analysis reveals that PBF, and not BMI, is independently associated with cardiovascular risk factors. Therefore, in clinical practice, we should pay more attention to the measurement of body composition and PBF, in an attempt to predict cardiovascular risk factors, particularly when BMI and PBF contradict each other in Chinese people.
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[^1]: These authors contributed equally to this study.

[^2]: Data are reported as number with percent in parentheses or means ± SD. P values were obtained from comparisons among the four groups. The chi-square test was used to analyze categorical variables and ANOVA was used to analyze numerical variables. †, ‡, §, and ¶ were derived from *post hoc* multiple comparisons (S-N-K). The level of significance was 0.05. In a row, different symbols indicate statistically significant differences. Group 1 (both normal BMI and PBF): BMI \<25 kg/m^2^ and PBF \<25% (male) or \<30% (female); group 2 (normal BMI but abnormal PBF): BMI \<25 kg/m^2^ and PBF ≥25% (male) or ≥30% (female); group 3 (abnormal BMI but normal PBF): BMI ≥25 kg/m^2^ and PBF \<25% (male) or \<30% (female); group 4 (both abnormal BMI and PBF): BMI ≥25 kg/m^2^ and PBF ≥25% (male) or ≥30% (female). WHR = waist-hip ratio; SBP = systolic blood pressure; DBP = diastolic blood pressure; FPG = fasting plasma glucose; TC = total cholesterol; TG = triglyceride; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol.

[^3]: Groups 1-4 are identified in [Table 1](#t01){ref-type="table"}. Data are reported as percent (number of abnormal subjects/number of subjects in group × 100). The P value was obtained from the chi-square test.

[^4]: Data for 3 individuals were lost.

[^5]: Data for 2 individuals were lost.

[^6]: Subjects with a single cardiovascular risk factor.

[^7]: Subjects with two or more cardiovascular risk factors simultaneously.

[^8]: Subjects with one or more cardiovascular risk factors simultaneously.

[^9]: Data of blood glucose and lipids were lost for 2 individuals.

[^10]: P values were obtained from Pearson correlation analysis and partial correlation analysis.

[^11]: P \< 0.05 and

[^12]: P \< 0.01 (*t*-test).

[^13]: Confounding factors such as age, gender, lifestyle, and family history were adjusted in the partial correlation analysis. SBP = systolic blood pressure; DBP = diastolic blood pressure; FPG = fasting plasma glucose; TC = total cholesterol; TG = triglyceride; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol.

[^14]: The inclusion criterion for variables was 0.05 and the exclusion criterion was 0.10.

[^15]: The probability of having one or more risk factors was set as a dependent variable, and the confounding factors such as gender, age, waist-hip ratio (WHR), body mass index (BMI), percent body fat (PBF), BMI^\*^PBF, smoking, drinking, exercise, and family history were set as independent variables. BMI^\*^PBF represented the interaction between PBF and BMI in terms of association with cardiovascular risk factors.

[^16]: The probability of having hypertension was set as a dependent variable, and gender, age, WHR, BMI, PBF, BMI^\*^PBF, smoking, drinking, exercise, family history, dyslipidemia, and hyperglycemia were set as independent variables.

[^17]: The probability of having dyslipidemia was set as a dependent variable, and gender, age, WHR, BMI, PBF, BMI^\*^PBF, smoking, drinking, exercise, family history, hypertension and hyperglycemia were set as independent variables.

[^18]: The probability of having hyperglycemia was set as a dependent variable, and gender, age, WHR, BMI, PBF, BMI^\*^PBF, smoking, drinking, exercise, family history, hypertension, and dyslipidemia were set as independent variables. 95%CI = 95% confidence interval.
